To analyse the prevalence, and diagnostic and therapeutic consequences, of accidental findings in electronbeam tomographic scans performed for evaluation of coronary artery calcification.
Introduction
Electron beam tomography with its high temporal and spatial resolution is used for non-invasive imaging of the beating heart and coronary arteries. It is possible to provide a scan frequency of up to 17/s [1, 2] , which allows for cardiac imaging without motion artifacts. With this short acquisition time, the whole heart can be investigated within a single breathhold.
Electron-beam tomography has increasingly been used for the assessment of coronary atherosclerosis as it is able to directly visualize and quantify coronary artery calcification [3] [4] [5] [6] . Coronary calcification can be quantitatively determined using electron-beam tomography, allowing for a non-invasive measure of coronary atherosclerosis [7, 8] . According to Agatston et al. , the coronary artery calcium score has been established in this context and shown to accurately measure the coronary plaque burden [9] . Its role as a method for risk stratification in symptomatic and asymptomatic patients with coronary artery disease is currently being defined [10, 11] . Due to the increasing number of scanners, electronbeam tomography has been used for imaging cervical, thoracic and abdominal organs. Imaging of the heart and moving organs dominates the use of electron-beam tomography firstly by providing high temporal resolution, and secondly, the higher spatial resolution of spiral CT is an advantage when imaging the non-moving parts of the thorax, e.g. the lung and mediastinum. It has been shown that intracardiac thrombi and tumours can reliably be detected and delineated by electron-beam tomography using small amounts of intravenous contrast agent. Electron-beam tomography has compared favourably with conventional echocardiography in visualizing common sites of cardiac thrombi, such as the left atrial appendage and the left ventricular apex [12] . In addition, assessment of the pericardium is possible without administration of contrast agents [13] . Atherosclerotic changes in the cardiac valves can easily be detected by electron-beam tomography as well as myocardial calcium, which is frequently found in dialysis patients and has some clinical relevance [14] . Several authors have described the valuable use of electron-beam tomography in imaging the lung, bronchi, aorta, and mediastinal diseases [15] [16] [17] . The fast acquisition time of electron-beam tomography is advantageous, especially in depicting structures that are localized around the heart or great vessels and which are therefore moving secondary to the heart's motion [18, 19] . Because of the growing availability of scanners and the consequent rise in the number of electron-beam tomography investigations, accidental findings may well become increasingly apparent. As electron-beam tomography is an accurate technique for overall thoracic imaging, extra-cardiac disease, within the scan volume, will frequently be visualized and must be accurately reported. Thus, the aim of the current study was to analyse the prevalence of accidental findings, in electronbeam tomographic scannings, performed for the assessment of coronary artery calcification. We investigated the frequency and entity of the findings and their distribution in the different organs, as well as their consequences for further diagnostics and therapy. Native scans and contrast-enhanced studies were assessed separately.
Methods

Study patients
The study group consisted of 1812 consecutive patients, who underwent electron-beam tomography of the heart for coronary calcium scanning between January 1994 and April 1999. The Clinical characteristics of the patient population are summarized in Table 1 . Only patients referred for calcium scanning were included in this study. Patients for evaluation of cardiac pathology, other than coronary artery disease, were not assessed for accidental findings.
Patients with suspected coronary artery disease were defined as presenting clinical signs of coronary insufficiency, such as stable or unstable angina or evidence of myocardial ischaemia on the ECG, by treadmill testing, echocardiography, or myocardial thallium scan (SPECT).
Patients with angiographically proven obstructive coronary artery disease were divided into two groups: those with no prior revascularization (1) and those with prior coronary revascularization (2) by coronary stent implantation, balloon angioplasty (PTCA) or coronary artery bypass graft.
In 583 (32%) of the 1812 patients, contrast agent was additionally administered intravenously in order to carry out non-invasive electron-beam tomographic angiography. In 323 (55%) of these 583 patients, electronbeam tomography angiography was performed to assess the patency of previously implanted coronary stents or bypass grafts [20] [21] [22] [23] .
Electron beam tomography
Electron-beam tomography scans were performed with an Evolution scanner (Siemens, Erlangen, Germany). A high-resolution single-slice mode with an image acquisition time of 100 ms and a slice thickness of 3 mm was used in all patients. The use of a 26 cm 2 field-of-view with a 512 512 reconstruction matrix yielded a pixel area of 0·26 mm 2 . Patients were investigated in the supine position. After localization of the main pulmonary artery, contiguous slices down to the apex of the heart were obtained with ECG-triggering at 80% of the RR interval. Depending on the heart's extent in the cranio-caudal direction, 32 to 40 slices were recorded.
According to Agatston et al. [9] , coronary lesions with a CT density d130 HU and an area of four or more adjacent pixels (d1·03 mm 2 ) were determined to represent coronary artery calcium. In the presence of coronary artery calcium, a lesion score was calculated by multiplying the area of the hyperattenuating focus in square millimetres by a density factor, which depends on the peak density of the focus. The threshold for the density factor was set at 130 HU: 130 to 199 HU=factor 1, 200 to 299 HU=2, 300-399 HU=3, d400=4. All calcified lesions were distributed among the segments of the major coronary arteries according to Austen et al. [24] , and a total calcium score was calculated as the sum of all lesions. 
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Contrast studies were performed after native scan and bolus tracking. Bolus tracking in the aortic root, to assess transit time, was done by administering a test bolus of 10 ml. Electron-beam tomography angiography was performed by administering contrast agent continuously via an antecubital vein with a flow of 4-10 ml . s 1 , total dose 120-160 ml.
Analysis
All electron-beam tomographic scans were first analysed by either a cardiologist or a radiologist and then reviewed by an experienced consultant radiologist.
Results were scrutizined in this manner in order to obtain the highest diagnostic accuracy. All scans were assessed in the tissue window setting only. There was no additional evaluation in the lung window, whether or not pulmonary disease was found or suspected. All findings, other than coronary artery calcium, were analysed. The prevalence of the findings was recorded and described for different organs. Accidental findings, in patients undergoing native scans only, were compared to those seen in contrast studies. A review of patients' files and the diagnostic and therapeutic consequences of those findings were retrieved, which would not have been diagnosed without the electron-beam tomographic examination. Pericardial pathologies were defined as follows: thickening was considered > =2 mm [25, 26] . Calcification was defined as sclerosis with a radiodensity of > =130 HU [7] . Signs of constriction included abnormal thickening with or without calcification and narrowing of one or both ventricles with impaired diastolic filling [27] . Effusion was considered as fluid between the pericardium and epicardium with a radiodensity of 0 to 40 HU, and haemopericardium with a radiodensity of 40-50 HU [25, 26] . Signs of tamponade included pericardial liquid, right atrial compression and collapse of the right or both ventricles with or without vena azygos reflux [28] . Cardiac valve calcification was considered in cases of sclerosis, with a density factor > =130 HU in the aortic [29] and mitral valves, respectively. Correspondingly, mitral anulus calcification was recorded. Tumour or thrombus within the cardiac cavities were defined as densities different to the surrounding blood in native studies, and as structures delineating from blood in contrast studies [12] . Calcification of the aorta was assessed in a semi-quantitative manner, as mild, moderate and severe. Mild denoted minimally visible calcification, moderate indicated localized intermediate calcification and severe was defined as extensive calcification of all depicted segments. Aortic aneurysm was defined as a circumscribed concentric or eccentric widening of the aorta, whereas ectasia meant a less circumscribed dilation. Dilations of more than 5 cm diameter were defined as aneurysms [30] . Mediastinal lymph nodes were described as enlarged, if they had a diameter of more than 10 mm [31] .
Statistics
For comparison of different patient groups, an unpaired t-test was used. Comparison of the frequency of accidental findings in native scans and contrast studies was done by z-test. Statistical significance was assumed at a level of P<0·05. Patient group characteristics are described by mean standard deviation, if not stated otherwise.
Results
Extra-coronary findings or abnormalities were found in 953 (53%) of the 1812 patients by electron-beam tomography. A total of 2055 extra-coronary findings were found. No abnormalities were detected in 859 patients (47%). Table 2 indicates all organs and structures with extra-coronary findings. In 681 (38%) of the patients, most of the extra-coronary findings were observed in the heart and the pericardium. Figure 1 shows the distribution of the overall extra-coronary findings in the different organs.
The mean total electron-beam tomography score in all 1812 patients was 456 793. Patients with extracoronary findings were significantly older (61 10, median 61 vs 56 10, median 56 years; P<0·001) and had a higher total calcium score (572, median 220 vs 328, median 95; P<0·001) than those with no abnormalities. In total, there was no significant difference concerning the prevalence of extra-coronary findings between patients who underwent a native electron-beam Abnormal findings of heart and pericardium (Table 3) Pericardium A total of 130 changes to the pericardium were found in 123 (6·8%) of the patients. Most of the changes (in 81 patients (4·5%)) consisted of pericardial thickening. In eight of these patients, transthoracic echocardiography was performed after the diagnosis through electronbeam tomography. Transthoracic echocardiography could visualize thickening in two of the patients. No pericardial constriction was seen. None of the thickenings had therapeutic consequences. Pericardial effusion was found in 29 (1·6%) of the patients, without clinical signs of tamponade. In one patient, transthoracic echocardiography estimated an effusion of 250 ml; it was then drained. Because of suspicion of malignancy, another patient was punctured and a cyto-pathological examination performed. Pericardial calcification was found in 17 patients without signs of pericardial constriction on the echocardiogram.
Cardiac valves
In 317 (18%) of the patients, 390 abnormalities of the cardiac valves were found. The mitral valve showed calcification in 131 cases, leading to transthoracic echocardiography examination in 30 patients and transoesophageal echocardiography in three cases. Calcification of the mitral anulus was found in 11 patients (0·6%). None of the mitral valve changes had therapeutic consequences, as the degree of detected mitral regurgitation or mitral stenosis was mild.
The aortic valve showed calcification in 230 (13%) of the patients. Subsequent transthoracic echocardiography in 44 (19%) of these 230 patients revealed no indication for therapy. Aortic valve stenosis was found by transthoracic echocardiography in 38 (17%) of 230 patients, representing grades I, II, and III (according to Schmalz et al. [32] ) in 25, 10, and 4 patients, respectively. 
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An extension of calcium into the aortic anulus was seen in 11 patients but did not have consequences.
Four patients had prior aortic valve replacement with mechanical prostheses, all of which could be identified. One patient had prior aortic valve replacement according to the Ross procedure. His own pulmonary valve was put into the aortic position, with the former replaced by a prosthesis. The new valve in the aortic position showed severe calcification. Valve prostheses were not registered as accidental findings.
Cardiac chambers
In 118 (7%) of the patients, there were 129 findings seen in the cardiac cavities. Twenty of them were related to the left atrium; 14 were seen in contrast studies and 6 in native studies. Six patients revealed circular structures within the left atrial cavity suspicious of tumour, thrombi or myxoma (4 contrast studies, 2 native). Four of them were subsequently examined by transoesophageal echocardiography, revealing left atrial thrombus in two cases. Both were then treated with oral anticoagulation. The third patient had a myxoma adherent to the anterior left atrial wall (Fig. 2) . The patient was sent to surgery and the diagnosis confirmed. No thrombus could be found in the fourth patient. Two patients were not examined further.
An enlargement of cardiac chambers, observed by electron-beam tomography in 16 patients, resulted in further evaluation of cardiac function. This was performed by transthoracic echocardiography in order to measure left ventricular volumes and function. Severe myocardial hypertrophy was seen in three patients leading to transthoracic echocardiography examination.
Four thrombi within the left ventricular cavity were visualized by electron-beam tomography. In these patients, oral anticoagulation was started, two after additional transoesophageal echocardiography examination, and two without further investigation because of excellent discrimination by electron-beam tomography.
One patient had a right atrial thrombus detected by an electron-beam tomographic contrast study, which was additionally verified by transoesophageal echocardiography and treated with oral anticoagulation. Right ventricular enlargement due to pulmonary hypertension was seen in 11 patients. Six of them required further investigation by transthoracic echocardiography. In one patient, a tumour of unknown aetiology was visualized within the right ventricle. Contrast-enhanced electron-beam tomography revealed right ventricular thrombi in two patients, both of whom were also examined by transoesophageal echocardiography. Oral anticoagulation therapy followed in both cases.
In 24 other patients, a total of 31 findings were seen, which do not fit into the above-mentioned categories. None of them was referred to other diagnostics, and none of the findings was considered to demand special therapy. One 'aberrant heart vein' draining into the inferior vena cava was found but not examined further.
Aortic disease (Table 4)
Abnormalities of the ascending and descending aorta were seen in 423 (23%) of the 1812 patients, 422 (75%) of 564 concerned the ascending and 142 (25%) the descending aorta. In 509 (90%) of 564 patients, aortic disease consisted of calcification: moderate calcification was found in 346 (68%). Plaque formation, and mild and severe calcification of the aorta were found in 71 (14%), 79 (16%) and 13 cases (3%), respectively.
Ectasia or aneurysm of the aorta was found in 41 and 11 cases in the ascending and descending aorta, respectively. Further examination of the ascending aorta was done by transthoracic echocardiography, to visualize the bulbus in three cases, and by contrast-enhanced conventional CT and transoesophageal echocardiography in one patient each. Two of the patients were subsequently referred to yearly transoesophageal echocardiography follow-up in order to control progression; one patient started antihypertensive drug therapy due to the diagnosed aneurysm. Descending aortic aneurysms were additionally examined in two patients: one by contrastenhanced conventional CT, the other by both CT and transoesophageal echocardiography. One of the patients was operated on thereafter, the other was referred to 'waitful watching'.
One patient revealed a dissection of the ascending aorta Type I, according to De Bakey, in a native scan, which was additionally examined and confirmed by magnetic resonance imaging. A review of the patient's file showed no suspicion of a dissection prior to the electron-beam tomography examination. The patient underwent ascending aorta surgery.
Lung and pleura disease (Table 4)
Pleural disease was identified by electron-beam tomography in 161 (8·9%) of the patients. Because of a suspicion of malignancy of the callosities one patient was scanned by conventional thoracic CT, another was examined with conventional X-ray.
Pulmonary disease or pathological changes were found in 519 (29%) of the patients. In total, there were 564 findings. Inflammatory infiltrates of the parenchyma as a surrogate of pneumonia could be seen in 30 (1·7%) of the patients. One of these patients had antibiotic treatment due to the electron-beam tomography diagnosis. Thirteen patients presented with signs of pulmonary fibrosis, which led to conventional X-ray examination in one patient.
Round lesions and suspicious tumours were found in the pulmonary parenchyma in 20 patients. Three of them were subsequently examined by conventional X-ray and conventional contrast-enhanced CT, through which bronchial carcinoma could be confirmed in two (0·1%) of the patients (Fig. 3) . Both patients underwent surgery. The corresponding pulmonary lobe was resected and the diagnosis confirmed. Neither tumour was known prior to the electron-beam tomography scan. Two more patients were referred to conventional CT, which gave no hint of malignancy, nor did conventional X-ray examinations in three other patients. Nine patients revealed tuberculoma, which was confirmed in two cases by conventional CT and X-ray, respectively.
Mediastinal organs (Table 4)
In 72 (4%) of the patients, a total of 72 findings, in the lymph nodes, vena cava, oesophagus and thymus were found. Mediastinal lymph nodes were visualized in 56 patients. Forty-six of these were calcified, 10 others were suspected to be malignant because of enlargement. Six patients with lymph node enlargement required further diagnostics by X-ray and sonography.
Three patients presented with oesophageal wall thickening. One (0·06%) of the patients had an oesophageal carcinoma (Fig. 4) confirmed by conventional CT and histopathological examination of biopsies taken during oesophagoscopy. The tumour was inoperable so he was treated with palliative chemotherapy. A second patient underwent oesophagoscopy, which revealed no hint for malignancy.
In one patient a retrosternal thymus rest was found and examined by conventional CT. Seven more mediastinal findings led to two conventional X-ray studies.
Diaphragm and abdominal organs (Table 4)
Nineteen (1%) patients revealed diaphragmal dehiscence or hernia. Two gastroscopies were subsequently performed and disclosed reflux oesophagitis in one patient, which was then treated by proton pump inhibitors and H2-receptor antagonists.
Liver disease, presenting as round lesions or suspected tumours, was detected in 37 (2%) patients. All demanded abdominal sonography, one patient in addition had conventional CT of the whole organ. Twenty-five Five patients showed Chilaiditi's syndrome, which is a subphrenic placement of the colon and might cause pain, constipation, and flatulence. Six more abdominal findings consisted of ascites in two cases, splenomegaly, a calcified round lesion of the spleen, a hypodense subdiaphragmatic lesion of unknown aetiology, and a calcified lymph node within the omental bursa.
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Spinal column (Table 4)
A total of 101 findings were seen in 98 (5·4%) of the patients. Eighty-one degenerative changes of the thoracic vertebral column and 12 cases of arthrosis had no consequences. Two other patients had calcified herniated disks, which did not affect the spinal cord. One vertebral osteolysis was suspicious for a metastasis but was not followed by scintigraphy, as recommended.
Miscellaneous (Table 4)
Eight findings not fitting into the above-mentioned categories were additionally discovered. One patient had multiple rib erosions typical of aortic coarctation, which was not depicted in the field of view. A review of the patient's file revealed several former transthoracic echocardiography and transoesophageal echocardiography examinations, which were not suspicious for coarctation. A paravertebral angioma-like lesion indicated arteriovenous malformation.
According to medical history, electron-beam tomography revealed pacemaker electrodes in 24 patients and a breast implant in one woman after mammary ablation. These findings were not registered as accidental.
Discussion
In our investigation, we found that 53% of the patients scanned for asymptomatic or symptomatic coronary artery disease, had extra-coronary findings. Given that the electron-beam tomography studies were done to quantify coronary calcium or to perform non-invasive coronary angiography, it is remarkable that accidental pathological changes in organs and structures, which were not the target organs of the examination were found in more than half of the subjects. This suggests that the investigator using the electron-beam tomogram -either the cardiologist or radiologisthas to focus on all visualized organs to make sure that all the information provided by the examination is taken 
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into account. Analysis of electron-beam tomography images should not be limited to the measurement of coronary calcium, but should also include careful assessment of the depicted thoracic organs. The outstanding importance of these findings is underlined by the detection of three cases (0·2% of the patients) of malignant disease, which would probably have been detected much later if electron-beam tomography had not been performed and accurately interpreted. This suggests that cardiologists performing calcium scanning need to be trained in radiological diagnoses of thoracic organs, or should be able to rely on radiological stand-by and review.
Electron-beam tomography of the heart is a noninvasive method for direct visualization and accurate measurement of coronary artery calcium [3, 7] . It has been widely used in patients both with suspected and with known coronary artery disease to quantify coronary calcium as an estimate of the extent of atherosclerosis [10] . In this context, electron-beam tomography follow-up has been proven as a reliable marker for progression of coronary atherosclerosis [33] . Additionally, non-invasive coronary electron-beam tomographic angiography was developed [34] [35] [36] [37] [38] . Because of electron-beam tomography's potential to visualize moving cardiac structures without motion artefacts due to very short acquisition times, it is also used for the diagnosis of pericardial, valvular, ventricular, and myocardial disease [12] [13] [14] [15] [16] . The assessment of coronary calcification is done by manipulating the tissue level settings, which are normally used for studying myocardium and cardiac chambers, to reliably identify calcifications.
Routine electron-beam tomography examination of the heart and the coronary arteries is done by scanning the heart, from the pulmonary artery bifurcation cranially down to the left ventricular apex in transversal slices of 3 mm thickness. All thoracic organs located in the corresponding planes can be visualized and assessed during one cardiac study. Thus, pathological changes of the skin, breasts, ribs, muscles, pleura, lungs, aorta, mediastinal organs, vertebral column and even the diaphragm and some cranial abdominal organs, such as the liver and spleen could be visualized in cardiac studies without additional radiation doses. But much of the information obtained is lost by focusing on the heart as the target organ, by putting a field of view into the plane and by cutting off peripheral parts of the chest.
In this context, several authors have reported the use of electron-beam tomography for the assessment of extracardiac disorders [17] [18] [19] 39] . Nevertheless, electronbeam tomography has not been widely accepted for these applications, as the higher spatial resolution of spiral CT can be used to image the lung, mediastinum, and other thoracic parts. As mentioned before, high temporal resolution is the one modality of electronbeam tomography to account for its outstanding value in cardiac imaging.
As electron-beam tomography is a relatively young method and its availability is still limited, there is no literature concerning the described prevalence of accidental findings. Surprisingly, there are also no studies available about accidental findings in thoracic scans by conventional and spiral CT. Although many case reports have been published on accidentally found diseases of many of the thoracic organs, there are no data about the prevalence and relevance of those findings. Therefore, it is not possible to directly compare our electron-beam tomography-derived data with conventional CT.
In 191 (9·3%) of the 2055 reported electron-beam tomographic findings, further diagnostic tests were ordered. Not surprisingly, in this population transthoracic echocardiography was the most frequent diagnostic method, followed by transoesophageal echocardiography, and conventional computed tomography. Because many clinicians are still uncertain about the value of electron-beam tomography in imaging thoracic organs overall, several examinations, such as conventional X-rays, were performed after electron-beam tomography, which do not appear to reveal additional information. Due to the large number of even abdominal findings, such as liver disease, abdominal sonography was performed in many patients. In 22 (1·2%) of the 1812 patients the electron-beam tomography findings led to specific therapeutic consequences other than treatment of coronary artery disease. As described before, surgical treatment of life-threatening diseases was brought on by unexpected diagnoses.
A total of 45% of the extra-coronary findings were related to atherosclerotic changes of vessels or cardiac valves. The distribution of cardiovascular risk factors is expected to be different in patients with coronary artery disease from healthy and younger persons, explaining the high prevalence of different atherosclerotic changes in this high-risk population. Not surprisingly, patients with extra-coronary findings were significantly older than those without as the prevalence of atherosclerosis, structural cardiac disease, pulmonary disease and other pathology is higher in older persons.
As described before, reporting of electron-beam tomography scans for calcium scanning is exclusively based on tissue window settings and the small field of view of 26 cm 2 . Thus, major parts of the lung were not depicted, although radiated. Even in this setting, lung cancer was detected in two of the 1812 patients (0·11%). Henschke et al. [40] recently published their data from the 'Early lung cancer action project' (ELCAP). The authors found a prevalence of 2·7% of lung cancer and an additional 0·4% of other malignant thoracic disease in a population of 1000 symptom-free volunteers, aged 60 or older with a history of at least 10 pack years of cigarette smoking. This population represents a high-risk group for coronary artery disease and is very similar to our patients. This suggests that a large number of malignant thoracic disease cases may have been missed for diagnosis using the usual calcium scanning protocol. Without an increase in radiation dose, 'screening' could be extended to other thoracic organs, especially in high-risk patients. Further studies should be initiated to enlighten this interesting aspect of patient 'screening'. Interestingly, the administration of contrast agents after native electron-beam tomography studies had no impact on the overall and organ related frequency or aetiology of extra-coronary findings. However, in depicting intracavitary pathology of the left ventricle (tumour, thrombus etc.) a significant difference has been detected between native scans and contrast studies. Lung atelectasis has also been detected significantly more frequently in contrast studies. Consideration needs to be given as to whether higher sensitivity for intracavitary pathology and additional information about the coronary artery lumen justifies the administration of i.v. contrast in routine electron-beam tomography scans. Our data suggest that contrast-enhanced studies do not offer a higher accuracy in detecting extra-cardiac pathology during calcium scanning.
Clinical implications
The high prevalence of accidental extra-coronary findings in electron-beam tomographic scans of the heart for coronary artery calcium, the detection of malignant disease in three cases, frequent tumour-suspicious round lesions of lung and liver and cardiac abnormalities requiring further diagnostic evaluation and initiation of specific therapy, emphasizes the importance of accurate readings of the investigation. To analyse the electronbeam tomography-derived information in a reliable and beneficial manner, investigators, who are experienced in overall radiological differential diagnosis, must manage the method -either cardiologists or radiologists.
This study has shown that large parts of the thorax are visualized on routine electron-beam tomography scans, even with a 26 cm 2 field-of-view. Further prospective studies have to evaluate whether the use of a larger field-of-view for heart scans should be established for routine screening without an increase in radiation dose. A larger scan volume, to cover the whole lung, would require higher doses. Can the high prevalence of pathological findings justify a higher radiation dose, if severe pulmonary disease could be detected or excluded during a heart scan? Should different study protocols take frequent diseases into account for high risk populations, such as lung scanning for bronchial carcinoma in heavy smokers? It is conceivable that scanning protocols with different distances to cover and fields of view will be chosen depending on the pathology which might be anticipated in high risk patients, such as additional pulmonary scanning in heavy smokers.
However, close cooperation between cardiologists and radiologists is important for optimal patient management.
